Purpose of review A total of 1.8 million adolescents live with HIV and constitute the only age group in which HIV-associated mortality continues to rise. Meeting their healthcare needs as they transition from paediatric services to adult care is vital for their own health and in prevention of onward transmission to partners and offspring. In this review, we discuss the issues around transition, both within HIV health care and the wider transitions adolescents negotiate as they move out of childhood and into adult life.
INTRODUCTION
Transition in adolescent health care is typically defined as 'a purposeful, planned process that addresses the medical, psychosocial and educational/vocational needs of adolescents and young adults with chronic physical and medical conditions as they move from child-centred to adult-oriented healthcare systems'. Yet healthcare transition is part of a much more complex multisystem developmental transition affecting all aspects of life, that adolescents must move through as they leave childhood and enter adulthood. The WHO defines adolescents as young people aged 10-19 years, young adults aged 20-24 years, with 'youth' variably defined as 13-24 or 15-24 years [1] . Although age definitions vary, there is increasing recognition that the biological, social and neurocognitive tasks of adolescence continue well into the 3rd decade of life; reflected in the uniformity of 24 years as the upper age boundary. A total of 1.8 billion young people, more than a quarter of the world's population, are aged between 10 and 24 years, one-fifth of whom live with a chronic healthcare problem originating in childhood [2, 3] .
Current global healthcare models provide medical, psychological and social care by age; paediatrics is an internationally recognized speciality across multiple healthcare disciplines providing comprehensive care for infants, children and adolescents up to a specified age, typically irrespective of condition and cognitive function. This arbitrary age cut-off underlies part of the background for consideration of healthcare transition. Although healthy, functioning young people with caring support usually pass through this critical period of their lives relatively unscathed, those with complex psychosocial issues, limited cognitive function and complex unstable medical conditions are hugely vulnerable, unable to advocate for themselves, often left with limited services leading to poor medical and psychological outcomes.
Ideally an effective transition process should be individually tailored to achieve the same goal; the supported provision of appropriate medical and psychosocial care for all young people growing up with a significant medical condition. Provision of HIV transitional services carries additional demands; not only must the young person achieve autonomy and learn to manage their own healthcare, they must appreciate how to safely negotiate disclosure of their HIV status and consider the implications and prevention of onward viral transmission as they become sexually active. These additional challenges, with the wider public health implications, underpin why provision of HIV transitional services must be well planned, supported by motivated adolescent-focused multidisciplinary teams.
THE SCALE OF THE PROBLEM
Adolescents are disproportionately affected by HIV, directly in terms of new infections and HIV-associated mortality, and indirectly in terms of living in a family affected by HIV such as orphaned by parental loss and becoming young carers. In recent estimates, there were 1.8 million adolescents amongst 36.7 million people living with HIV, 80% in sub-Saharan Africa, and an increase in prevalence of 28% between 2005 and 2015 [4,5 && ]. Two main groups exist; those who have lived with HIV from early life, the majority with perinatally acquired HIV (PaHIV) and young people acquiring HIV during adolescence, accounting for 250 000 of the 2.1 million new HIV infections in 2015 [4] . The success of antiretroviral therapy (ART) has changed the perinatal epidemic markedly; first, reductions in mother-to-child transmission and second, paediatric ART has resulted in increasing numbers of children surviving into adolescence. There they join the increasing numbers of behaviourally infected adolescents (BHIV), the majority acquiring HIV through unprotected sex [ . Onward viral transmission is a significant added challenge of untreated HIV infection, and amongst an age group with increased risk taking, increased rates of condomless sex and higher partner numbers, globally this represents an additional burden on both the young person, but also the healthcare providers (HCPs) [9, 10] .
TRANSITION MODELS AND OUTCOMES
Transition models within health care vary widely; directly from paediatric to adult services, from paediatric to specialist adolescent and then to adult services and within family/community-based care there may be no change in HCP but transition requires gradual task shifting of healthcare management from parent/carers to the young person [11] . In many settings, the route of HIV infection is a factor in transition with BHIV more likely to enter adult care directly, with much of the published literature consisting of small qualitative studies, predominantly from Europe and North America, interviewing adolescents, their parents/carers and their paediatric providers [12] [13] [14] [15] [16] . More recently the views of adult HCPs are being explored. Le Roux et al. highlighted that adult HCP recognized that the PaHIV cohort in France differed from older behaviourally infected adults and that within the PaHIV cohort there was marked variation between patients, with challenging behaviour and communication difficulties often being related to normal adolescent behaviour [14, 17 & ]. The need for flexibility in appointments, ease of contact such as sharing
KEY POINTS
The period of life encompassing transition of health care from paediatric to adult services has been associated with increased morbidity and mortality in chronic conditions of childhood including HIV.
Late adolescence (15-19 years) is the only age group in which death rates due to HIV continue to rise.
Transition models vary but should include youth-friendly multidisciplinary services, including mental health, with early integration of adult providers and a written transition policy.
Robust outcome data for youth living with HIV, disaggregated by age and route of transmission, is urgently required, especially for key population groups.
of mobile phone numbers, clinic settings not specifically associated with HIV and close linkage with the paediatric teams were examples of efforts made to ease transition. The lack of training for adult HCP in caring for adolescents and the advantages of having a small number of highly experienced adult HCP caring for this unique cohort, that represent less than 4% of the population living with HIV in France, were highlighted [17 & ]. Although transition models may differ, common themes emerge with the key to a successful transition being youth-friendly multidisciplinary services, early integration of paediatric and adult services, communication, forward planning and maintaining an individualized young person-centred approach, with HIV-specific transitional care guidance available at global and country-specific levels [11, 18, 19] . Although based heavily on expert opinion, all recommend a written transition policy and early integration of services. Mark et al. [21] discuss the lack of human resources to manage adolescents in the increasingly overburdened subSaharan African healthcare system, although evidence of good practice is emerging. Davies et al.
[25] demonstrate the importance of, and barriers to, linkage in cohort data during transition. A total of 460 South African adolescents transferred to adult care, three quarters aged 10-14 years and whilst 85% remained in care 3 years post transfer, rates of virological suppression fell (86 vs. 75%; P ¼ 0.007) with poorer outcomes in those who transitioned at 15-19 vs. 10-14 years. As the authors discuss, this may be confounded by a tendency for delayed transition in the most complex adolescents. Paediatric providers tend to keep poorly adherent adolescents longer in paediatric care, a reflection of best practice that suggests transition should ideally occur at a time of stability, both medical and psychosocial, although for chronically nonadherent adolescents identifying such a period of time is frequently challenging. However, in the same setting a recent large meta-analysis by Zanoni et al. examining the continuum of HIV care estimated that in 2013, of over 850 000 infected youth aged 15-24 years only 14% accessed ART of whom 81% were suppressed. Therefore, less than one in 10 
&
] present linked data from UK paediatric and adult cohorts. A total of 271 PaHIV youth were tracked through transition; CD4 counts started to decline prior to transfer and continued to decline in black men, but remained constant in white men and black women, and increased in white women. Age at transfer and moving hospital had no apparent impact however more recent calender year was associated with better outcomes, potentially reflecting improvements in ART and/or transition planning over time [24 & ]. A smaller Dutch cohort (n ¼ 59) demonstrated increased rates of virological failure post transition, median age 18-19 years, but used as a comparator much younger adolescents (12-13 years) [32] . In contrast, a very small Swedish cohort (n ¼ 23) reported post transition viral suppression rates above 90%, comparable with adults [33] . In Europe, the majority of youth transition in their late teens and are perinatally infected, services within the United States include both PaHIV and BHIV-infected youth, often transitioning from designated adolescent services in their 20s and the issues faced and outcomes are expertly reviewed by
The lack of harmonization of definitions for successful transition is highlighted but in a small number of quantitative studies, retention in adult care varied widely (47-88%), and early mortality data in adult care is emerging [34] [35] [36] .
HOW CAN WE IMPROVE HEALTHCARE TRANSITION?
A recent Cochrane review highlighted the lack of randomized controlled trials of interventions to improve transition outcomes in all chronic diseases of childhood. Only four trials (n ¼ 238) meet the criteria, with two interventions, showing possible improvement in transition readiness or disease knowledge and/or self efficacy but the follow-up period was under a year [37] . Within HIV, the Happy Teen 2 programme in Thailand aimed to improve health knowledge, coping skills, sexual risk reduction by engaging youth living with HIV, median age 17 years, paediatric and adult HCP, parents/carers in a 1-day workshop, 2.5-day sessions and three individual sessions [38 & ]. A total of 192/245 (78%) eligible youth were interviewed at baseline, with 84% returning for subsequent interviews. Knowledge scores around ART, HIV care/services and family planning increased significantly but whether improved knowledge will result in improved clinical outcomes post transition requires longer term follow-up. Only 29% of youth attended all sessions but when individual sessions were linked to routine clinic appointments attendance rose to 90%. The need for multidisciplinary service integration within youth HIV care including contraception, sexual health, maternity, mental health, peer support and tuberculosis services is increasingly apparent [39, 40] . The mental health challenges faced by adolescents living with HIV are well reviewed by Vreeman et al. [41 & ]. Mental health disorders (MHD) affect 10-20% of children globally, predict MHD in adult life, are increased in adolescents living with HIV compared with the age matched general population but comparable with that of their HIV affected but uninfected peers, in the few studies with well matched control groups [42] . MHD impact on retention in care and transition of HCPs may increase anxiety for adolescents and lack of integration of mental health services within adult care impacts on access. Symptoms of depression and anxiety have been associated with lower adherence to ART, higher substance use and sexual risk taking behaviour [41 & ]. The stigmatizing effect of HIV and treatment such a lipodystrophy may further impact on mental health and adherence. Adolescence is a period in life when self image is of such importance, and whilst typically portrayed as a 'rebellious' time of life actually it is one of the most conformist -but they conform to their peers rather than parents and older adults. The drive to conform to their peers is a strong motivator for change utilized in peer led initiatives [21,23
& ]. Globally access to mental health services appears lower in adolescents and in high-income settings, particularly for minority populations [43] . The unmet needs of young people in key population groups including adolescent drug users, MSM and sex workers and the lack of data on transition for these groups requires urgent attention [12, 22, 44] . In the general population, substance use during adolescence predicts substance use and sexual risk in young and mid-adult life with rates of substance use higher in sexual minority youth [45, 46] . For adolescents living with HIV substance use, including alcohol, is associated with poorer adherence to ART, increased sexual risk taking and poorer retention in care, however, tailored services that address these issues have had promising results [47] [48] [49] . Fortenberry et al. address the need for structural change in fragmented US services to address local barriers to successful transition. Community mobilization, targeted training for culturally competent, youth-friendly care, and intensive motivational interviewing training, more than 75% of youth linked to care with 90% retained [15, 50] .
ADOLESCENT DEVELOPMENT OR HEALTHCARE TRANSITION?
Perhaps to further understand the issues faced during healthcare transition, we need to consider the wider transition adolescents negotiate and the neurobiological changes occurring. Adolescence is a period of life accompanied by excess mortality, much of it associated with risk taking and peer influences around decision-making. The commonest causes of death are accidents, suicide, for 15-19-year-old girls the complications of teenage pregnancy and for their male peers homicide [51] .The early development of the dopaminergic reward system of the ventral striatum precedes the control system of prefrontal cortex with executive functioning and attention being the last areas of the brain to mature, well into the 3rd decade of life. This mismatch is thought to explain adolescent risk taking behaviour; gain from shortterm rewards out strips that of the longer term, challenging for sustaining long-term linkage to care and adherence to therapy with no immediate benefit, such as ART. Surprisingly, it appears that adolescents may overestimate their short-term risk of dying, further impacting on decision-making; if you think your life will be short, the immediate risk maybe worth taking for short-term gain and the longer term, such as the benefits of ART perceived to be less necessary [52] Although mathematical modelling for a young adult, behaviourally infected aged 20 in a resourced setting, suggests a life expectancy approaching their uninfected peers, the outcome for the perinatally infected cohort is far less certain [53] . Although such uncertainty has the potential to further impact on decision-making, the plasticity of the adolescent brain, and its susceptibility to the influence of peers, also offers unique opportunity for change, including that of long-term health behaviours as they enter adult life.
CONCLUSION
There is clear evidence that adolescence is a critical period for supported transition in any health condition, but carries particular individual and public health challenges for young people growing up with HIV infection. Youth focused, individual-based models of transition must be developed with all aspects of that young person's needs in mind. The generation of young people growing up with HIV in many settings now represents a cohort with complex medical, cognitive, psychological and social needs that must be met to optimize all outcomes. There is now an urgent need for resources to implement planned, appropriate transition services to support the 2 million young people growing up with HIV globally.
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